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Beedenue. Ilpednpuamua  cejlbcKoxo3slcmeeHnoz0 | =mMawunocmpoenua Pecny6nuxu Y36ekucman 
NOCMOAHHO yeeluuUueaiom éebInNyCK x1onKoyOopoUHolx mawun. IIpu akcnityamayuu OaHHOl mexHUKU 6 
pe3ylomame abpa3uéeHozo U3HaWWUBAHUA BbIXOOUM UZ CMpOA MaKUX Oemaeu KaK 3yOuamble KoeCa U 
6all-WecmepeHu, 6 pezVbmame 4ezo exCe20dHO pacxodyemca Oolbwuoe KONUYeCMbO Memaa OA 
U32ZOMOBIEHUA 3aNAaCHoIX Yacmel. C KaICObIM 2000M MaWUKHOCMpoumMebHaA mexHUuKAa CmaHoeumMcA 
6onee CNOHCHOU, U OA OOeCNEeYeHUA ee 2G)qeKMUGHOZO UCNOb306AHUA HEOOXOOUMA MOWHAA PeMOHMHAA 
6a3a. 


PaOorocnocoOHoctTb 3y0uaTBIX KOJIeca BO MHOTOM OlipeyelaeT WONTOBeYHOCTh UX 3yObeB. 3yOuaTEIe 
Koyleca, KaK 1paBHJIO, H3POTOBJIAIOT H3 HU3KOYTIepOAMCTON cTaM (coyepxKaHue yruepoya 0,1+0,25 %) u 
noyBepralo MX TepMuyecKOH oOpaboTKe — WeMeHTallMa, 3aKaIKa MU HU3KHM OTIyCK. CoKpalleHue 
BpeMeHH oOOpaOoTKH obecrieuHBaeT WeMeHTaljuA B ra30Bol cpeye. IIpu 9sTom pacxoyyeTca MHOrO 
ICKTPOSHEPIHH HU razs00Opa3HOro yruieBoqopona. 


B nocnexyroujwe ToOXbI UCcceqOBaTeIAMM ObVIM MpeWIOKeHbI pa3sHble BapHaHTbl TepMM4yecKoli 
oOpadoTKH 3yO4aTEIX KOJIeC, BKIIOUAaT MHOTOKpaTHble HarpeBaHHA UW OXIIaxKCHHA B OCHOBHOM BBILLIe 
TOUKH da3z0Boro pespatwenua. Takyto oOpaOoTky Ha3BasIM TepMolMKIMYecKO OOpadoTKo. Ee 
HCIOIb3YIOT Id U3MCJIbYeCHHA 3epHa WH CHATHA BHYTPeCHHHX HallpwKeHH, 4TO OOecHeuMBaeT 
MIOBbILMeCHHe IIpO4HOCTH HW BA3KOCTH CTA. 


AHamM3 my0uMKalHi m0 TepMuyeckoi oOpadoTKe [1-3] moKa3an, 4TO B HacToOAMjee BpeMA IA 
yIYUWIeHHA CIPyYKTypbI H CBOMCTB CTasei WIMpOKO HCHOb3yIOT UMKIM4YeCKyIO TepMudeKy1o OOpadoTKy 
(ITO), Kotopaat oddexruBHee yslyuiiaetT MexaHH4ecKHe cCBOMCTBa cTaei M0 cpaBHeHHIO Cc 
TpaMUMOHHBIMU TepMH4ecKHMH OOpaboTKamH [2]. 


B uactoset padoTe uccileqoBaHHaA HalipaBJIeHbl Ha TOBbIMIeCHHe M3HOCOCTOMKOCTH 3yObeB 
MCJIKOMOJYJIBHBIX 3YOUATBIX KOJIeC H3 HU3KONeTHpoBaHHo cramm 651 nupumMenenuem ITO 66¢3 
W3MeHeCHHA XHMHYeCKOrO cocTaBa MaTepHala 3yOuaTbIx Koslec. [lomoxKHTebHbIe pe3ysIbTaTbI 
JOCTHTHYTbI H3MCHCHHAMH CTPyKTYpbI MaTepHalia B pe3syIbTaTe PU3H4eCKHX WH XMMHYECKHX IIPOLeCcos. 
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IIpu LTO untencuduunpyrotca Wupdy3HouHble MpeppalleHHA B pe3yIbTaTe MOBTOPHOTO yCKOpeHHOTO 
HarpeBaHHa WM OXxIaKICHHA B CTaqMH He3aKOHYeHHOM epeKpucTaswIM3alMH aycTeHvtTa Melle 
HecOpMUupoOBaHHOrTO pocta 3epeH. JlaHHbI clmocoO oOpaboTKH OCHOBaH Ha TOJyYeHHu ycTOM4HMBOTO 
ayCTeHHTa ITyTeM pa3MeJIBYeHHA CTPYKTYPHBIX 3epeH HU MepepaciipeyeuenuaA THcHOKaWMi pu BbICOKHX 
TeMIlepatypax, JOCTHTraeMbIX WHAYKUMOHHbIM HarpeBaBaHuem (MH). B pe3ymprate HakomJieHua 
CIPyKTYPHBIX IIpeoOpa30BaHHit U (a30BbIx MpeBpalleHui MONyIaIM CTpyKTypy CTasIM, KOTOPYy!O HeJIb3A 
MOYIMTb TpayMUMOHHBIMH crocobamu TepMooOpaoorTKH. 


Opdextusuocts LITO 3asucuT oT MocMeqOBaTeMbHOCTH OllepallHi, YACIa WMKIIOB, CKOpOCcTH HarpeBaHHua 
HW OXI@KeCHUA, XMMMYecKOrO cocTaBa cTaM. IIpuMenenua LITO c nomumMopdueimn mpespaleHuAMH HU B 
yCIOBHAX HX OTCYTCTBHA MOKAa3aIH, UTO IPH HarpeBaHHU UW OXsIaxK CHU CTasleit HMeCIOT MeCTO (a30BbIe 
TIpespamjenua. Jd MOBbIMeCHHA W3HOCOCTOMKOCTH HM3KOJICrHpOBaHHBIX cCTasieli HeOOXOAMMO 
ONTHMH3HpoBaTb pexuMeBI LTO. J[a sTox uenei uccneqoBaM CTpyKTypbl cTaleH Wu onpeyemau 
H3HOCOCTOMKOCTE B YCIOBHAX TpeHHA MocIe mpezBapuTesbHON ITO u nocnexzyromen MH oOpasyos. 


Mamepuaaoi u memoouka ucciedoeanua. B 9kKcIiepHMeHTax UCHONb30BaIM OOpa3zbl “3 cram 650° [3]. 
IIpu UTO odpa3uet guamMetpom 20 MM 4 BBICOTOM 7 MM HarpeBasId BbICOKO“ACTOTHbIM TOKOM 
IIPOAOJDKUTeIbHOCTb OT HECKOJIBKHX NO 20 c. Ja HarpeBaHua UCHONb30BaIM yceTpolicTBo JI3107, aia 
ollpeyeueHua TeMIlepaTypbI —TepMorapsl. OOpa3iibI HarpeBasu Wo Temmepatyp T = 450, 550 u 700 °C, 
Tlocue Yero Wx oOxNaxyamu. Jia 9TOrTO MosaBalM OxaKTeHHbIM Bo3sqyx. [loptopHaa da30Baa 
TlepeKpHcTawiM3alua cTaei Mocruraiacb HarpeBaHweM JO TemilepaTypbl Ac3 + (30+50) °C. 
OxkonyaTesIbHoe HarpeBaHle OCyIecTBIIAIM mpH Temimepatype T = 900 °C. Jlanee crab oxiaxqasIM B 
Macsle MW HarpeBasiM Oo Temiepatyppl 7 = 180 °C, 3aTem oxtlax aM Nozayeit Bo3zyxa [7]. 


MetasmorpajuyeckHit aHasIv3 BbIMOIHAIH Ha HOHHOM xpomatorpade Metrochm 850 Professional IC 
(SEM-EDX) u pactpoBom 3s1eKTpOHHOM MuKpockore Zeiss EVO MA 10 [5]. Crpyxtypy cramu u3yyamn 
C TMOMOI{bIO CIleKTpasIbHOrO peHTTeHOBCKoro aHasM3aTopa Shimadzu [6]. Jia ompeneqenua 
W3HOCOCTOMKOCTH H3MepsJIM W3HOC TIpH TpeHHu OOpa3iOB CTaIM TO HelpHKpelJIeHHbIM adpa3HBHbIM 
MaTepHasiaM H 110 Metasry [6]. 


Pesyiomamet u_ obocystcdenue. AHaiM3 COCTOAHHA CTPyKTypbl peBapvTesIbHO TepMH4ecKH 
oOpadotranHon ctamm 650 c nomomp10 MH pu pa3Hprx TemMilepatypax (B mpezemax WoKpuTuyeckoli) 
nocne ITO noxka3an, 4ro edeKTHOCTh KpHcTaIMuecKOl CTpyKTypbl CTaIH MajIO 3aBHCHT OT 
TeMIlepaTypbl WH 4Nca wuKIoB [7]. YcraHoBmeHo, 4TO pu HarpeBaHHu BBIIe KpHTMYeCKON 
Temilepatypbl Ac; HM pw oxaKeHHu Mofayeli Bo3ayXa (OpMUpoBAaIHCh TIPpHMepHO OMHAKOBEIC 
CTPYKTYPpbI, Ip 3TOM JedeKTHOCTH OBI pa3Hble. 


Panee B omyOMKOBaHHON padore [8] yka3aHbI 3Ha4eHHe ToKa3zaTesa AedbeKTHocTH B, cpeqHee 3HayeHHe 
Bcp u TBepHoctb HRC o6pa3nos u3 cram 651 nocne WTO, wHaykKuMOHHON 3akaIKH UM OTIIycKa mpu T = 
180 °C. Jlyamme pe3yibTaTbI Nouy4eHbI Wp Temnepatype 450 °C u uncyie WHKIIOB HarpeBaHna N = 3+5. 
IIpu gapyrux temmeparypax (550 u 700 °C) gedeKTHOcTb kpucTamMueckoro cTpoeHua Opa 
HeycTOw4MBoH WIM Hu3KO. Xopomme pesynbtatsr upH T = 450 °C MoxHO oObBACHHTD 
MUKporiacTu4eckoli edopMayuelii B pe3syibTaTe ObicTporo TemsooOMeHa pw WHKIW4eCKOM 
HarpeBaHuu. OOpa3oBaHve BTOpon da3bl OOYCIOBIeHO MMKporlacTHyeckoH edopmauuei 3epen. B 
pe3yIbTaTe WMeyIO MeCTO HHTeHCH*UKAalHA BO3HHKHOBeCHHA MCIOKaHi, pw 93TOM BBbICOKas 
TeMIlepatypa IPHBOAUT K MOJMTOHH3AalHU CTpyKTypbl, YTO OOecHIeuHBaeT ee CTAOMJIBHOCTE, B pe3yJIbTaTe 
KpucTasWIM4ecKkad CIPyKTypa MaTepHasia HMeeT HEBbICOKYIO Jje:eKTHOCTD. 


IlopropHoe HarpeBaHue BbIIIe TeMMepaTypbl OOpa30BaHHA OAHOPa30BOi MONHMTOHHOM CTpyKTypbI pu 
BBICOKOM MIOTHOCTH JMCIOKalMi OOecreunBaeT OOpa30BaHHe TpeOyemolu crpyKtypst. pu LTO craneii 
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lip Temiepatype qo 450 °C mpoucxogquT MHTeHCHBHad MepeKpHCTaIM3alMA CTPyKTypbl, pH ITOM 
IIOIMPOHHad CIpyKTypa He OOpa3yerTca. 


CpaBHeHue pe3yibTaToB mocine LTO mpu temmepatype 450 °C nu okonyaTenbHon 3aKasKe MH c 
pe3yJIbTaTaMu TpawqMUMOHHOM 3aKkasKH MH noka3a0, 4TO MIOTHOCTH QHMCIOKalMi B MepBoM cylydae 
TOBbILAaIOTCA + He3HauHTebHO. IIpH oguHakoBoli TBepyoctu (59+60 HRC) pa3Huya WHpHHBI 
PeHTreHOBCKHX JIMHHK CoctaBHia AB cp = 510° pay [8]. 


VUcnbitaHua Ha W3HOCOCTOMKOCTh OOpa3IlOB, MpolleqiMx pa3Hble pexUMbI OOpaOoTKH, MoKa3alIu 
aHaJIOrM4Hble pe3yJIbTAaTbI, YTO HU BbIBOAbI HCCIeOBAHMM MUKPOCTPyKTyp MH TOHKHX CTPyKTyp OOpa3iloB. 
IIpu LTO u YH B obpa3ijax oOpa30Banacb O(MHaKOBad MUKPOCTpyKTypa, 3epHa OJMHAKOBbIX pa3Mepos, 
oOpa3iibI HMeIH OMHAKOBbIe TBEPAOCTH, OTIMYNe 3aKIOUaIOCh B JjeeKTHOCTH KPHCTalIMuecKOH 
pelleTKH. 


B tTaOsulle MpecTaBIeHbI pe3yIbTATbI UCIbITAHHA Ha M3HOCOCTOMKOCTb OOpa3loB H3 cTamM 651° mocme 
TepMH4eCKHX OOPaooTOK Ha pa3HbIxX PerxKUMAX. 


YcTaHoBJIeHO, 4TO TocNe Tpex WuKI0B LTO npn T = 450 °C, oxnaxyzenuu Bo3nyxoM, MH upu T = 900 
°C u otnycKxe upu T= 180 °C B TeyeHue 60 MuH u3HOCOCTOMKOCTE cramM 651 Ha 25+30 % BbILe 110 
CpaBHeHHI0 C H3HOCOCTOHKOCTHIO OOpa3llOB, MOABeprHyTbIx A PyrHMu BUAaMH TepMuYecKoN OOpadoTKH. 


PeHTreHOCTpyKTYpHbIM aHamM3 OOpa3loB cTasiei, oOpadotanHprx MH mpu pa3Hbix Temilepatypax, 
TOKa3al, 4YTO CTeleHb JedeKTHOCTH KpHCTaWIM4eCKOH CTPyKTypbI Mocie 3aKasIKH CTaJIM 3aBHCHT OT 
IIpOMOJMKUTeIbHOCTH HarpeBaHua (pHcyHoK). Camas BbICOKHM MOKa3aTeb WedeKTHOcTH B CTpyKTypbI 
HaOsrofasIcA TIpH MpouOWKUTeIbHOCTH HarpeBaHua ¢ = 4+5 c. OWHaKO 9Ta 3AKOHOMEPHOCTb MOXKET 
W3MCHUTBCA IPH Apyrux pa3Mepa u3eHA. 


Ta6umua. Pe3y1bTaTbI HCHbITAHHA Ha H3HOCOCTOHKOCTE cTasu 651 nocse TepMoo6padoTKH Ha 
pa3HbIx pexkuMax 


TepmooOpa6otxa (7, °C) Amy, Mr Amy, MT HRC Mcp, MT 
59,07 29,06 53,5+60 
VMnazyKunonnas 3akaska (900), 65,00 28,86 53,5 89.37 
otiyck (180) 61,53 28,78 58+60 : 
58,36 27,34 59 
46,09 22,14 59 


Tpu Wukila Harpesanua (450), 


WH yKUMOHHas 3aKasKa (900), nea Sore z 66,78 
oTiyck (180) 38.00 74.01 59 

Tpu Wukia Harpesanua (550), ere ae ze 

YH AyKUMOHHad 3akaska (900), 5 4%6 75.13 59 ee he 
ormyck (180) 50 12 17.02 59 


IIpumeuand ne. Odosnauenna: Am, 1 Am, — U3HOCbI COOTBETCTBCHHO BepXHero HU 
HMKHELO OOpPasllOB; Mep = (Am, tAm,y)/2. 


TlomyyeHHbie pe3yiIbTaTbl CpaBHMBasIM Cc WoOKa3aTeaMu OOpa3ij0B u3 cTamH 18XIT, npomezmmx 
HUTPOIeMeHTallH1O HU TepMooOpaboTky. 


OKCHepHMeHTaIbHO OBI OmpeyesieH ONTHMasIbHbIM pexuM TepMuHyecKOii oOpadoTKH 3yO0B 
MCJIKOMOJYJIBHBIX 3YOUATBIX KOIec M3 cTamM 6ST: 
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1. Liuknmueckoe HarpeBaHue (4ucio WHKI0B N = 3) npu T = 400+500 °C, oxnaxqeHne nozayel BO3Lyxa 
0 TemilepatypbI 80+100 °C; mpu Hanps»KeHuM Ha aHoge V, = 6,5 KB u cuse Toxa J, = 5,5 A cuna ToKa 
coctapusia J = 0,55 A, 3y0ba Harpeamucb Bo T = 450 °C, Bpema HarpeBaHua cocTaBusio t = 3+4 c; Bpema 
OXJIaKCHHA BO3LYXOM JO TemiepatypbI T= 80+100 °C coctasnano 140 c. 


2. 3akalIka Ip Halips»KeHHH Ha aHoye V, = 9 KB u cute ToKa J, = 8,5 A cua ToKa coctaBusia J = 0,8+1,8 
A, 3y0ba Harpeasmucb 0 T = 900 °C, Bpema HarpeBaHua 7 Cc, OxJIaxKTarollad cpeya — Maciio. 


B, 10° pan 


Puc, 3aeucumocmu noxkazamea Oed@exmunocmu B cmanu om 6pemenu t mepmuueckou obpabomKu 
npu T = 870 (1); 900 (2); 950 (3) 
3. Harpepanne B CesIMTpOBOM BaHHe 0 180+200 °C B Teyenne 60 Muu, OTITyCK Ha BO3yxe. 


Boieoool. 3y0ba 3yOuaTbix Kosec u3 ctamm 65°, npomenzume LTO u MH, umes u3Hococtoikocts B 1,3— 
1,4 pa3a BBIMe H3HOCTOMKOCTBN 3yOUATBIX KOJIec C TepMooOpaboTKON TpaqMyHoHHEIM MH u B 1,2-1,3 
pa3 BbILIe H3HOCOCTOMKOCTH 3yONOB 43 HUTPOLeMeHTHpoBaHHon cram 18XTT. 
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